Diabetes is pandemic and according to the international diabetes federation report, the global prevalence of diabetes is 366 million people with 4.6 million deaths in 2011 and by 2030, it is projected to nearly double.\[[@ref1]\]

Diabetic macular edema (DME) is a vision-threatening complication of diabetic retinopathy. The incidence of DME is estimated to be 2.3/100 person-years for the overall diabetic population and 4.5 for patients on insulin therapy.\[[@ref2]\]

DME is caused by disruption of the blood-retinal barrier. Elevated glucose levels induce increased permeability, cytokine activation; altered blood flow, hypoxia, and inflammation.\[[@ref3]\] Hypoxia caused by microvascular disease stimulates the release of vascular endothelial growth factor (VEGF), leading to increased vascular permeability and resultant retinal edema. Higher vitreous VEGF levels were demonstrated in eyes with macular edema compared to eyes without macular edema in diabetic patients, and these high levels correlates to severity of DME (The insufficient amount of anti-VEGF may contribute to the nonresponse of treatment. Therefore, correlates of nonresponse may reflect severity of DME).\[[@ref1]\] Multiple studies provide evidence that progression to DME is associated with duration of disease, poor glycemic control, and the need for insulin in type 2 diabetes.\[[@ref4][@ref5]\]

Current protocol on management of DME depends on whether there is foveal involvement or whether vision is affected. If there is no foveal involvement, treatment is as per Early Treatment Diabetic Retinopathy Study (ETDRS) guidelines, for example, focal laser. If fovea is involved, it depends if vision is affected or not. If vision is affected, an anti-VEGF injection is considered as monotherapy. If vision is not affected, treatment is as per ETDRS guidelines, for example, focal laser.\[[@ref6]\]

Anti-VEGFs form the mainstay of treatment of DME. Current drugs are ranibizumab (humanized antibody fragment directed at all isoforms of VEGF-A) and bevacizumab (full-size, humanized, recombinant monoclonal antibody that inactivates all VEGF isoform), Aflibercept is the latest entrant in this group but yet to be used in DME. The other category of drugs is intravitreal steroids/implants. The current practice is a" trial and error "method to treat the patient and watch the response. However, if the patient\'s genetic profile helps us choose the appropriate medicine, it would help us individualize our treatment for each and every patient. This will herald the era of pharmacogenomics for titrating individualized treatment.

Materials and Methods {#sec1-1}
=====================

Patient selection {#sec2-1}
-----------------

The study was approved by Institutional Review Board/ Institutional Ethics Committee(IRB/IEC)) and was conducted in strict adherence to the tenets of the Declaration of Helsinki. Patients of DME (definition as per ETDRS) who presented to our tertiary eye care institute from June 2012 to January 2013 and followed the inclusion criteria were explained the nature of the study and the informed consent form was obtained. All patients who had best corrected visual acuity \<6/9 and thickening on the spectral domain optical coherence tomography (SD-OCT) (criteria above 300 microns; cysts involved or diffuse) with any stage of background diabetic retinopathy, good metabolic control (mean glycosylated hemoglobin HbA1c level \<7%) and normal lipid profile were included.

Patients with other ocular pathologies like glaucoma, recent cataract surgery in the last 3 months, SD-OCT suggestive of epiretinal membrane/vitreomacular traction, nephropathy and use of glitazones for diabetic control were excluded. The study was conducted on 20 subjects, with 5 patients per classified group.

All patients underwent vision testing using ETDRS charts, intraocular pressure (Perkin\'s tonometer), fundus evaluation (indirect ophthalmoscope and slit lamp biomicroscopy), fundus photographs (TRC NW7SF, Topcon), SD-OCT, and a fluorescein angiography (SPECTRALIS^®^ Heidelberg). The systemic parameters evaluated for all were a baseline hemoglobin, serum lipid profile, glycosylated hemoglobin, and serum creatinine.

They were classified into three groups of treatment naive patients, responders, and nonresponders. The definition of a nonresponder was a patient, who received two successive injections of 1.25 mg bevacizumab (Avastin, Genentech/Roche) with stable/worsening/improvement \<10% microns thickness on SD-OCT. The responders were those who showed a reduction in thickness \>10% central retinal thickness (CRT) on SD-OCT. The control group patients were age and sex-matched nondiabetics.

RNA extraction {#sec2-2}
--------------

Ribonucleic acid (RNA) extraction was done for the whole blood samples using QIAamp RNA Blood Mini kit and then quantified using nanodrop as well as bioanalyzer.

RNA labelling, amplification, and hybridization {#sec2-3}
-----------------------------------------------

The samples were labeled using Agilent Quick Amp labeling Kit (Part number: 5190-0442). 500 ng of total RNA was reverse transcribed using oligodT primer tagged to T7 promoter sequence. Complementary Deoxyribonucleic Acid (cDNA), thus, obtained was converted to double stranded cDNA in the same reaction. Further the cDNA was converted to Complementary Ribonucleic Acid (cRNA) in the *in-vitro* transcription step using T7 RNA polymerase enzyme and Cy3 dye was added into the reaction mix. During cRNA synthesis Cy3 dye was incorporated into the newly synthesized strands. cRNA obtained was cleaned up using RNeasy columns (Qiagen). Concentration and amount of dye incorporated were determined using nanodrop. Samples that pass the QC for specific activity were taken for hybridization. A total of 600 ng of labeled cRNA were hybridized on the array (AMADID: 27114) using the Gene Expression Hybridization kit in Sure hybridization Chambers at 65°C for 16 h. Hybridized slides were washed using gene expression wash buffers (Part No: 5188-5327). The hybridized, washed microarray slides were then scanned on a G2600D scanner (Agilent Technologies).

Microarray data analysis {#sec2-4}
------------------------

Significant genes up and downregulated showing 2.5-fold and above within the group of samples were identified. Differentially, regulated genes were arranged using hierarchical clustering based on Pearson coefficient correlation algorithm to identify significant gene expression patterns. Genes were classified based on functional category and pathways using GeneSpring GX Software version 11.5 and Genotypic Biointerpreter - Biological Analysis Software.

Results {#sec1-2}
=======

Pathway-specific gene regulation {#sec2-5}
--------------------------------

Gene expression analysis was based on the Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway. It was done in comparison to the nondiabetic control group \[[Table 1](#T1){ref-type="table"}\]. The analysis would provide the probable genes involved in the causation of diabetes mellitus. Broadly genes of cancer, metabolism, extracellular matrix (ECM)-receptor interaction, tricarboxylic acid cycle (TCA cycle), retinol metabolism, transforming growth factor-beta (TGF-β) metabolism, VEGF pathway, cell adhesion molecules, p53 signaling, Jak-Stat signaling pathway and mitogen-activated protein kinases (MAPKs) pathway were analyzed. The genes represented in the metabolic group were predominantly similar to those in the cancer group. The number of ECM receptor genes and cell adhesion molecule genes showed differences between responders and nonresponders.

###### 

Representative signaling genes based on KEGG pathway

![](IJO-62-66-g001)

The total numbers of genes upregulated among all three experimental groups were five, whereas 105 genes were downregulated. There were no common genes upregulated between the responders and nonresponders. However, one gene was detected to be upregulated between the treatment naive and responders group \[[Fig. 1](#F1){ref-type="fig"}\].

![(a) Total number of genes commonly regulated across all the three experimental groups with respect to the control. Upregulated genes are depicted in [Figure 3a](#F3){ref-type="fig"} and the downregulated genes are depicted in [Figure 3b](#F3){ref-type="fig"}. (b) Total number of genes commonly regulated across all the three experimental groups with respect to the control. Upregulated genes are depicted in [Fig 3a](#F3){ref-type="fig"} and the downregulated genes are depicted in [Fig 3b](#F3){ref-type="fig"}](IJO-62-66-g002){#F1}

Gene regulation between nondiabetic and diabetic {#sec2-6}
------------------------------------------------

Gene expression profile was compared between nondiabetic (Group 1) and diabetic (Group 2) patients with a cut-off fold difference of 2.5. We selected a 2.5-fold difference to eliminate detection of the noise created because of population-based variability. The inflammatory molecules, as already reported, were the defining molecules between diabetic and nondiabetic group. Vascular angiogenic genes, though a couple, were also picked in our filtered group. All the transcription factors in the filtered data set were upregulated \[[Table 2](#T2){ref-type="table"}\].

###### 

Microarray data analysis: Fold increase or decrease of genes between Group 2 versus Group 1 (2.5- fold)

![](IJO-62-66-g003)

There were 19 genes upregulated and 8 downregulated genes in the inflammatory pathway in group 2 versus group 1. There were no downregulated genes detected in vascular angiogenesis and transcription group. Receptor activity genes were also regulated in group 2 versus group 1 \[[Fig. 2](#F2){ref-type="fig"}\].

![(a) Depicting number of genes regulated with a 2.5-fold difference across the signaling pathways between diabetic (Group 2) and control group (Group 1). Upregulated genes are shown in [Figure 1a](#F1){ref-type="fig"} and downregulated genes are shown in [Figure 1b](#F1){ref-type="fig"}. (b) Depicting number of genes regulated with a 2.5-fold difference across the signaling pathways between diabetic (Group 2) and control group (Group 1). Upregulated genes are shown in [Figure 1a](#F1){ref-type="fig"} and downregulated genes are shown in [Figure 1b](#F1){ref-type="fig"}](IJO-62-66-g004){#F2}

Gene regulation between nonresponder versus responder {#sec2-7}
-----------------------------------------------------

Gene expression of the nonresponder (Group 4) was compared with the responders (Group 3) with a cut-off fold difference of 2.5. The transcription factor and receptor activity genes were dominant based on our analysis with a cut-off of 2.5 fold. Since anti-VEGF treatment was not responsive in the nonresponder group, we assumed involvement of a nonvascular pathway in segregating the treatment responders and nonresponders. But surprisingly, we noted higher expression of the vascular angiogenesis pathway genes in anti-VEGF nonresponders compared with responders \[[Table 3](#T3){ref-type="table"}\]. Transcription factors as well as stress-related genes were detected in our set filters, suggesting a role in the induction of the nonresponsive treatment parameter. There were identical numbers of genes up- and downregulated in the inflammatory pathway. A total of 17 genes were upregulated and 11 down regulated genes in receptor activity that remained the predominant group \[[Fig. 3](#F3){ref-type="fig"}\].

###### 

Microarray data analysis: Fold increase or decrease of genes between Group 4 versus Group 3 (2.5- fold)

![](IJO-62-66-g005)

![(a) Depicting number of genes regulated with a 2.5-fold difference across the signaling pathways between treatment nonresponder (Group 4) and treatment responder group (Group 3). Upregulated genes are shown in [Figure 2a](#F2){ref-type="fig"} and downregulated genes are shown in [Figure 2b](#F2){ref-type="fig"}. (b) Depicting number of genes regulated with a 2.5-fold difference across the signaling pathways between treatment nonresponder (Group 4) and treatment responder group (Group 3). Upregulated genes are shown in [Figure 2a](#F2){ref-type="fig"} and downregulated genes are shown in [Figure 2b](#F2){ref-type="fig"}](IJO-62-66-g006){#F3}

Discussion {#sec1-3}
==========

The proposed study was to identify specific signaling pathways involved in the development of DME. There has been a distinguishing treatment outcome between DME patients based on their response to anti-VEGF treatment. So far, there is a lack of knowledge in understanding the underlying molecular mechanisms/pathways distinguishing the patient groups. Hence, we carried out a preliminary study to determine the systemic Messenger Ribonucleic Acid (mRNA) expression profile among DME patients classified based on clinical parameters. We conducted a microarray expression profile of DME, treatment naive (Group 2), treatment responders (Group 3), treatment nonresponders (Group 4) and compared all with nondiabetic (Group 1). In this pilot study, we have used whole blood mRNA profiling as it is not clinically feasible to get ocular tissues in all the groups for doing the analysis. Moreover, we hypothesized that diabetes, being a systemic disease; there might be genes and pathways beyond the limitation of eye, which have a role to play in deciphering the underlying distinction between treatment responders and nonresponders. Similar studies have been conducted to understand the pathogenesis of other retinopathies.\[[@ref7]\] The advantage of using whole blood over retina samples relies primarily on a plausibility of identifying a biomarker to differentiate the responder and nonresponder groups.\[[@ref8]\] In order to minimize variability in our experimental groups, the samples were pooled based on age and sex Samples of each group were in the age range between 50 and 70 years. Each group had two females and three males.

The expression profile/signaling and genes were analyzed based on KEGG pathway database (<http://www.genome.jp/kegg/pathway.html>). The most predominant number of genes closely related to DME is cancer-related genes. Similar to published reports, we noted an upregulation of oncogenes, cell cycle regulators, growth factor receptors and matrix metalloproteases involved in diabetes.\[[@ref9][@ref10][@ref11][@ref12]\] Dysregulation of wnt signalling pathway (WNT)/b-catenin pathway has been implicated in the complications of diabetes such as retinal inflammation, vascular leakage, and neovascularization.\[[@ref13][@ref14]\] WNT pathway molecules along with apoptotic regulators are most likely involved in differentiating the treatment responders and nonresponders. In Group 3, 20 genes were upregulated and 40 downregulated, whereas interestingly Group 4 (treatment nonresponders) have 63 genes upregulated and 50 downregulated, indicating probably the pivotal role of metabolic pathway post anti-VEGF treatment.\[[@ref15][@ref16]\] A number of proangiogenic, angiogenic, and antiangiogenic factors along with the ECM modulation play a role in diabetic retinopathy. ECM is known to have a definitive role in vascularization.\[[@ref17][@ref18][@ref19][@ref20]\] We observed the expression profile and noted that there was a drastic decrease in the number ECM-related genes in the group 3, whereas no change was detected in the number of regulated genes between group 2 and group 4. TGF-β is involved in cellular processes, survival in normal as well as disease state\[[@ref21]\] and it was found to be downregulated in group 3 and not in group 4. This seems to indicate the probable role of TGF-b regulation along with VEGF in nonresponder DME. The downregulation of VEGF receptor (kinase insert domain receptor-KDR) in nonresponders suggest most likely the noninvolvement of VEGF pathway, or it could be the low availability of VEGF receptors as it were used up by the endogenous elevated VEGF levels. In the responder group post anti-VEGF treatment, restricted the expression of KDR. The total number of cell adhesion genes regulated in group 3 is 15 compared to 26 genes in group 4. This strongly is suggesting the involvement of higher number of cell adhesion molecules in nonresponder group of patients.\[[@ref22][@ref23][@ref24]\] We were unable to detect any differences in the expression levels of mRNA in Jak-Stat and MAPK pathway, although there are reports elucidating the role of Jak-Stat and MAPK pathway in diabetic retinopathy\[[@ref15]\] \[[Table 1](#T1){ref-type="table"}\]. Other pathways detected by the microarray gene expression profile may indicate other causes that might drive the complications of diabetes.

Inflammation seems to have a major role not only in diabetes but also in distinguishing the responder and nonresponder groups. Recent reports showed the association of several cytokines including interleukin (IL)-6, IL8, and interferon gamma in aqueous humor of DME patients.\[[@ref24][@ref25][@ref26][@ref27][@ref28]\] The expression of IL8 in the present study is sixfold higher in nonresponder compared with responder. As mentioned earlier, the vascular angiogenesis molecules are downregulated in nonresponder indicating a canonical-VEGF independent pathway role.\[[@ref29][@ref30]\] In nonresponder ephrin receptor signaling and transcription factor gene families such as FOX, HOX were identified to be upregulated compared with the responders \[[Table 3](#T3){ref-type="table"}\]. There were few genes in the receptor activity pathway with fold increase as seen in diabetic group compared with nondiabetic group. A list of selective transcription factor genes were also seen upregulated in the diabetic group in comparison with nondiabetic controls\[[@ref30]\] \[[Table 2](#T2){ref-type="table"}\].

In total of all four groups, five genes are upregulated and 105 genes are downregulated. Interestingly, there are no common genes upregulated between groups 3 and 4, whereas 17 genes were downregulated. Similar to previous reports, our study also shows involvement of inflammatory pathway molecules in diabetics compared with nondiabetic controls\[[@ref30]\] \[[Fig. 1](#F1){ref-type="fig"}\]. But, it is also noted that most of the genes regulated in the nonresponders compared with responders were grouped in receptor activity and transcriptional regulation \[[Fig. 3](#F3){ref-type="fig"}\]. Inflammatory genes and vascular angiogenesis genes were the minor contributors classifying the responders and nonresponders. Transcriptional regulation is known to have an important role to play in drug response; hence, it might be indicative as an important component for classification. Role of vascular angiogenesis in classifying the responder and nonresponder remains elusive and most likely nonconsequential, as all the patients are treated with anti-VEGF therapy \[[Fig. 2](#F2){ref-type="fig"}\].

This study limitations are small sample size and microarray analysis approach, as we have addressed the genes with a cut-off of 2.5-fold difference. The choice of the cut-off was based on the implication to eliminate the population-based variable gene expression and not the disease-specific gene expression profile; hence, we might have missed several signaling pathway genes, which might have a definitive role in disease pathogenesis.

To our knowledge this is the first such study, where attempts have been made to understand the signaling pathways and genes playing a definitive role at systemic level to classify the treatment responders and nonresponders. It is conceivable that there has been an overlap of genes in pathways across the analysis, and this is expected as there are a number of genes that are pivotal in cross-talks of signaling pathways rather than a single pathway. Further studies are needed to confirm the list of genes that could classify the treatment responders from nonresponders.

In summary, this study would provide an insight into the underlying mechanisms for disease pathogenesis as well as progression. This eventually would aid in developing or improvising existing treatment modules with a rational approach toward personalized medicine, in future addressing the differential responses to treatment.
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